According to the findings of some recent studies, the centenarians' offspring appear to represent a promising model for research on longevity and healthy aging. This study compares the health status and the functional status of three groups of subjects: 1. individuals with two long-lived parents (one of whom centenarian), 2. individuals with only one long-lived (centenarian) parent, and 3. individuals with no long-lived parents. The goal is to verify whether the centenarians' offspring display any advantage over the offspring of both non-long-lived parents and to evaluate whether the longevity of the non-centenarian parent provides a further advantage. A total of 374 subjects (mean age approximately 70 years) was examined. A threshold for longevity was established for non-centenarian parents through demographic data available for Italy (males surviving to at least 81 years of age and females to 87 years). The participants were assessed for their health and functional status by means of a standardized questionnaire and tests of physical performance. Data were analyzed using multivariate regression models adjusted for socio-demographic characteristics and risk factors for age-related pathologies. The results of the study show that centenarians' offspring have a better functional status, a reduced risk for several age-related pathologies and reduced drug consumption than the offspring of non-long-lived parents. In addition, the health status of centenarians' offspring does not appear to be influenced by the longevity of the second parent. It therefore seems possible to conclude that at ages around 70 years the genetic contribution to health status deriving from having one centenarian parent is not substantially improved if the other parent is also long-lived.
Introduction
Over the past twenty years, centenarians have represented a valuable resource for the study of phenotypic characteristics of extreme aging and the genetic and environmental factors of longevity. The aging process is characterized by a complex remodeling of organs and tissues in order to cope with the lifelong exposure to biological, physical and chemical stressors, so that longevity can be attained by efficient mechanisms of adaptation and remodeling capacity. Indeed, the centenarians display a peculiar, complex and heterogeneous phenotype, which might be the result of a better capacity of their body to adapt and remodel in response to biological and non-biological stimuli (Franceschi et al., 2000 (Franceschi et al., , 2007b .
Moreover, centenarians seem to reach their extreme age thanks to a slower aging process and have a lower prevalence of cancer (Salvioli et al., 2009) , cardiovascular diseases (CVD) (Olivieri et al., 2008) , insulin-resistance and diabetes (Paolisso et al., 1996) and delay of about 1-2 decades the onset of others pathologies such as dementia and osteoporothic fractures (Evert et al., 2003; Passeri et al., 2003) .
Furthermore, the great majority of them has optimal anthropometric (body mass index, BMI), metabolic (cholesterol, LDL-C, HDL-C, Experimental Gerontology 48 (2013) 395-400 ⁎ Corresponding author. Tel.: +39 051 2098242; fax: +39 051 232153.
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However, research on centenarians has to face several methodological difficulties. The first is the rarity of centenarians (e.g. in Italy about 27 for every 100,000 residents at 1st January 2011 according to the National Institute of Statistics ISTAT), which makes recruitment rather difficult. Moreover, it is very hard to perform population-based cross-sectional studies on centenarians due to the very high mortality rate at extremely advanced ages. Finally, there is no appropriate control group for centenarians.
No less important are the ethical and practical questions that have to be dealt with when approaching subjects who are very frail and sometimes easily tired.
Recently, the attention of some researchers has focused on the offspring of centenarians as a model for longevity and healthy aging. Longevity is known to have a strong familial (and genetic) component (De Benedictis and Franceschi, 2006; Franceschi et al., 2007a) and recent studies suggest that the offspring of centenarians have a significant survival advantage, a higher probability to become longlived and a lower risk of age-related diseases, such as cardio-and cerebro-vascular diseases, compared to control subjects (Adams et al., 2008; Atzmon et al., 2004; Perls et al., 2002; Terry et al., 2003 Terry et al., , 2004a . At the same time, the study of the offspring of centenarians reduces or resolves the disadvantages related to research on centenarians themselves. Being younger, their offspring are less rare and easier to recruit, less frail and less likely to die within short time. Moreover, they can be compared with age-matched control groups.
The research project "Does the longevity of parents influence the health status of their offspring?" supported by the Ministry of Education, University and Research (MIUR), aims to evaluate the role of longevity in one or both parents on the quality of their offspring's aging and to identify biological parameters and genetic polymorphisms related to healthy aging. This paper will present the study design and will compare the offspring of centenarians and the offspring of subjects who were not long-lived as regards several phenotypic characteristics. The goal is to verify whether the children of centenarians display any advantage when compared to the offspring of non-long-lived subjects, evaluating at the same time whether having two long-lived parents (one of whom centenarian) represents a further advantage over having only one long-lived (centenarian) parent. It is worth noting that an accurate demographic analysis of the age of the non-centenarian parent was performed, giving a further value to this study since it was never taken into consideration in previous research on centenarians' offspring.
The studied variables concern both objective and perceived state of health, with special attention on the physical-functional state as well as on the pathologies and risk factors related to the main causes of death among the elderly.
Materials and methods

Defining longevity criteria for group identification
The aims of the study entailed the need to compare three groups of subjects: 1. offspring of two long-lived parents, one of whom centenarian (LL); 2. offspring of one centenarian parent and one nonlong-lived parent (NL); and 3. offspring of both non-long-lived parents (NN).
In order to identify the above mentioned groups, rigorous demographic criteria were applied to establish the threshold age over which subjects were classified as long-lived. These criteria take into account the distribution of deaths, according to the estimates of the Human Mortality Database for the five-year birth cohorts to which the parents of the subjects recruited belong. Since it was decided to recruit, in 2007 and 2008 , offspring of at least one living centenarian parent, born therefore presumably between 1900 and 1908, the birth cohorts of the centenarians' spouses were estimated to fall between 1890-94 and 1910-14 cohorts. The parents of NN subjects belong to the same cohorts.
According to estimates from the Human Mortality Database, distribution of Italian male deaths in the cohorts of interest (excluding deaths occurred before the age of 15 years) has the form of a negatively asymmetrical curve (Fig. 1) , although distribution during the 1890-94 and 1895-99 cohorts is sharply altered by the effects on mortality of the First World War. The effects of aging on mortality start to become apparent from about the age of fifty. In the central cohort 1900-1904 the 85th-percentile of the distribution of all deaths falls between the 81st and the 82nd birthday, therefore about 15% of all male deaths in this birth cohort occurred at or over the age of 81 years. It was decided to consider as non-long-lived males those deceased before reaching the age of 81 years. This longevity threshold can be considered essentially valid also for the previous and subsequent five-year birth cohorts despite the different life expectancy of the cohorts. In fact, although the threshold value causes the number of deaths per cohort to be apportioned differently, so that the long-lived may be little more or little less than 15%, it lies in the descending phase of the curve of deaths.
Using the same procedure, females deceased before reaching the age of 87 years were considered to be non-long-lived (Fig. 2 ).
Recruitment and data collection
A list of eligible subjects for the study was obtained thanks to the help from Registry Offices in five Italian cities (Bologna, Milan, Florence, Parma and Palermo) and surrounding areas. Offspring of parents who died from accidental causes were excluded. A total of 374 subjects were recruited and attributed to the LL, LN and NN groups on the basis of the previously illustrated demographic criteria. Where possible, for each centenarian the oldest child was contacted. Centenarian parents were still alive at the time of the interview. The mean and standard deviation of the age at death of the second parent were 89.1± 4.7 for the LL group and 66.2 ± 12.4 for the LN group. In the NN group, the oldest parent died at a mean age of 64.6±7.0, while the youngest died at a mean age of 53.5±10.9.
The study protocol was approved by the Ethical Committee of Sant'Orsola-Malpighi University Hospital (Bologna, Italy).
The recruited subjects were examined in their own homes by a team composed by a physician and a biologist specifically trained to gather the data. Besides undergoing an objective exam and giving a blood sample, the participants answered a questionnaire which covered socio-demographic characteristics, lifestyle, pathological and pharmacological anamnesis and evaluation of their perceived state of health. They also underwent various tests to assess physical and cognitive performances.
Regarding the evaluation of general state of health, typical age-related diseases and the pathological conditions representing the main causes of death among the elderly were considered. Pathologies and chronic conditions are documented by medical reports or by specific ongoing therapies.
It should be pointed out that the data reported here have not been gathered in order to estimate the prevalence of pathological conditions. This is particularly true in the case of cancer, since subjects with severe health problems due to overt cancer have been excluded from the study.
Chronic therapies (i.e. daily drug consumption under medical prescription, such as cardiovascular, antihypertensive, lipid-lowering and anti-diabetic drugs) and the number of drugs taken daily were included in the analysis as general health indicators.
Finally, perceived health state of subjects was considered. The approach was devised to include both qualitative (state of health selfevaluated as "very good", "good", "normal", "poor" or "very poor") and quantitative assessments (self-rated state of health with a score ranging from 0 to 100). Perceived health has been reported dichotomously because very few subjects claimed that their health was "poor" or "very poor".
The functional status of the participants was described by an item concerning their ability to walk 500 m without help or device. Moreover, hand grip strength was measured with a Smedley's dynamometer (Scandidact, Kvistgaard, Denmark) and the best of two performances with the dominant hand was considered for the analysis. The chairstand test was also performed, i.e. the time taken to sit down-stand up from a chair five consecutive times.
Socio-demographic characteristics like gender, age, marital status, education (years), as well as several recognized risk factors for age-related pathologies, such as smoking (present or past smoking for at least 10 years or at least 10 cigarettes a day), wine consumption (number of glasses drunk daily during lifetime), BMI (normal and underweight vs. overweight and obese) and physical activity (subjects who claimed to practice regular physical exercise vs. subjects who did not) were considered as possible confounders.
Data and statistical analysis
Socio-demographic, functional and clinical characteristics in the three groups of subjects with two, one or no long-lived parents have been firstly examined by means of univariate statistics (ANOVA, Kruskal-Wallis, Chi-square test or Fisher's exact test, as appropriate). For a more thorough investigation of the relations among functional status or health status and the three groups, several multiple regression models have been developed. Regression models were adjusted for the effects of gender, age, marital status, education, BMI, physical activity, smoking and wine consumption.
The continuous dependent variables were studied with multivariate linear regression models and regression coefficients with 95% confidence interval (CI) were reported. The dichotomous dependent variables were analyzed with logistic regression models and the odds ratio (OR) with 95% confidence interval was used as a measure of association. When the dependent variable represented a count (i.e. the number of drugs assumed), a Poisson regression model was estimated and the incidence rate ratio with 95% CI was reported. Table 1 shows the general characteristics of subjects with two long-lived parents, one of which centenarian (LL), those with only one long-lived (centenarian) parent (LN), and subjects without long-lived parents (NN). The number of cases is greater in LN group, enabling the continuation of the study to include a possible subdivision of this group according to the gender of the long-lived/nonlong-lived parents. The gender composition of the groups is balanced somewhat in favor of the females in LN group, where there is also a significantly lower proportion of married subjects. Among the socio-demographic variables there are also significant differences in education level, higher in LL group. Mean age and lifestyle are similar in the three groups. BMI values are higher in NN group, but differences are significant only in females.
Results
A better functional status in the LL and LN groups in comparison with NN group is revealed by significant differences in the ability to perform the chair-stand test and, among females, in the hand grip strength (Table 2 ). Among those who were able to conclude the chair-stand test, NN group on average shows the worst performance, however the differences are not statistically significant. Moreover, in the group in which neither parent was long-lived, both the percentage of subjects who consider their health status as good or very good and the self-rated health score are lower, even though not significantly (Table 2) .
A notable variability in the presence of pathologies can be observed in the three groups with different parental longevity (Table 3 ). In particular, systematically higher percentages of subjects suffering from pathologies or who exhibit risk factors for age-associated diseases are recorded in the group with no long-lived parents. The differences between the groups are significant in their need for chronic therapy and number of drugs taken daily, as well as for frequency of cancer, hypertension, myocardial infarction and stroke/thrombosis/cerebral hemorrhage. Finally, it can also be noted that for two other pathological conditions, chronic obstructive pulmonary disease (COPD) and chronic renal failure, the differences between the groups are close to statistical significance (respectively 0.062 and 0.061). Table 4 shows a synthesis of the results of the multivariate models in which the dependent variables emerged as significantly associated with parental longevity. The reference category in all the models is the NN group, i.e. subjects with non-long-lived parents.
Concerning the ability to walk 500 m unassisted, LL and LN groups have a higher odds ratio in comparison to NN subjects even though this difference reaches statistical significance only for LN subjects. The ability to perform the chair-stand test and hand grip strength are significantly higher in LN group than in NN group. LL group shows a similar trend to group LN, with p-values close to statistical significance (p = 0.058 in both cases).
Regarding pathologies and related aspects, a reduced risk is observed in LN and LL subjects compared to NN subjects.
Considering both qualitative and quantitative assessments of perceived health, the most favorable group is that with one long-lived parent. The same applies as concerns the onset of infarction or stroke (these two pathologies have been considered together in order to increase the number of affected cases in the analysis). LL group appears to be significantly favored for cancer and chronic obstructive pulmonary disease (COPD), however the odds ratio for LN group is not far from statistical significance (p = 0.065 and p = 0.083, respectively). Mean ± SD (n) 11.1 ± 3.8 (31) 11.0 ± 2.8 (58) 11.7 ± 4.4 (48) Chair-stand (s) females Mean ± SD (n) 12.1 ± 4.9 (37) 12.6 ± 4.9 (102) 13.4 ± 3.3 (40) Hand grip strength (kg) males Mean ± SD (n) 39.4 ± 7.5 (41) 37.7 ± 7.0 (67) 37.4 ± 7.4 (54) Hand grip strength (kg) females a Mean ± SD (n)
23.8 ± 6.7 (42) 23.8 ± 5.1 (110) 21.2 ± 5.0 (51) Self-rated health score (0-100) Mean ± SD (n) 77.0 ± 13.1 (82) Lastly, the advantage of the groups with one or two long-lived parents in comparison to non-long-lived parents appears very similar for hypertension, use of chronic therapy and number of drugs taken daily.
Using the estimates obtained from the multivariate models, the comparison between the LL and LN groups did not show statistically significant differences for each dependent variable.
Discussion
The aim of this study was to evaluate the advantage, in terms of health and functional status, that may derive from having one centenarian parent and one long-lived or, alternatively, one centenarian parent and one non-long-lived, in comparison with the condition of those with neither parents long-lived. To this end it was decided to apply a restrictive demographic criterion to define when considering the second parent long-lived or not. This criterion was based on death distribution estimates for the birth cohorts of reference, so as to guarantee that death occurred at a later age than the modal ages of death.
The results obtained in this work seem to indicate that the state of health of subjects without long-lived parents is on the whole worse than the health of individuals with one or two long-lived parents. This trend emerges clearly for pathologies concerning the three main groups of death causes in the elderly, i.e. cardiovascular diseases with related risk factors, cancer and respiratory diseases. Moreover, the fact that subjects with at least one long-lived parent have a significantly reduced risk of taking drugs for chronic therapy, and take a significantly reduced number of drugs when compared to the NN subjects, is worth noting because the use of drugs can effectively synthesize the overall state of health.
Our results concerning the risk of age-related diseases and the use of drugs in centenarians' offspring compared to age-matched controls are consistent with data obtained in previous studies and reinforce the notion that longevity runs in families and that centenarians' offspring are more likely to age in better health and with a lower mortality than their peers (Adams et al., 2008) . Recent studies suggest that these observations can be also applied to nonagenarian families. Indeed, data from the Leiden Longevity Study on offspring of nonagenarian siblings indicate a preserved insulin sensitivity, a lower prevalence of myocardial infarction, hypertension, diabetes mellitus and use of cardiovascular medication with respect to their partners (Westendorp et al., 2009; Wijsman et al., 2011) .
For the first time this study extends the comparison between centenarians' offspring and offspring of non-long-lived parents to functional status assessment, an extremely important factor in the general state of health of the elderly. Significant or almost significant differences in the ability to perform the chair-stand test and, for women, hand grip strength have been observed. A previous work, analyzing offspring of nonagenarian subjects, suggested that handgrip was not a marker of familial longevity (Ling et al., 2012) . This apparent discrepancy may be due to the different ages of offspring participants in the two studies. In particular, the subjects recruited in our study, being offspring of centenarians, are ten years older on average, attaining an age critical for the onset of age-related decline. However, it can be hypothesized that at older ages the differences in functional and health status might emerge more clearly.
Moreover, the fact that differences in the hand grip strength are significant among females and not among males is in line with the general observation that, in the elderly, men enjoy better functional status than women of the same age (Crimmins et al., 2011) and does not rule out the possibility that the differences between the groups may appear in older males.
The parents' longevity seems also to impact on body mass index, even though only in females significantly. It is observed in fact that LL group has the lowest values, while NN group has the highest. This aspect is worth noting because the BMI seems to act as a confounding variable in the regression models, either concerning functional status or pathologies and the use of pharmaceutical drugs.
Although for some of the variables analyzed a significant difference was sometimes noted only for one of the two LL or LN groups in comparison with the NN group, overall the advantage in state of health of this sample of people around 70 years of age appears similar between those with one or both long-lived parents. Indeed, on the whole, the coefficient values of regression or the odds ratios are similar in the two groups, and often when p-values reach statistical significance in one of the two groups they are not far removed either. It therefore seems possible to conclude that at ages around 70 years the genetic contribution to health status deriving from having one centenarian parent is not substantially improved if the other parent is also long-lived. This finding is reinforced by the fact that, as discussed earlier, it was decided to choose a rather high threshold for longevity (81 years or older for males and 87 years or older for females).
Indeed, diverse studies show that the genetic influence on aging is the highest in extremely long-living individuals and that the heritability of longevity increases with the increase of the threshold used to define longevity (Cevenini et al., 2010; Gögele et al., 2011) . Some genetic effect would probably be observed in the strongly unlikely event that also the second parent was extremely long-lived.
In conclusion, the results of this study confirm largely that the offspring of centenarians represent an appropriate model for research on healthy aging, suggesting that the longevity of the non-centenarian parent seems to be irrelevant for the functional and general health status of the offspring. However, our results refer to a sample of subjects with a mean age of about 70 years and do not exclude that at older ages the longevity of the second parent can became a relevant factor. Further studies are needed to answer this interesting question, in particular it is urgent to plan a longitudinal study, checking periodically the health status of the participants.
